The pupae of Sarcophaga peregrina received x-ray in the early pupal stage, and their oxygen consumption was measured throughout the pupal stage . Three patterns of radiation effects were found according to doses. With small irradiation doses, inhibitory effect on oxygen uptake was evident, but the survival time of the pupae was the same as that in non-irradiated, non-fed pupae. With medium irradiation doses, oxygen uptake of the pupae was maintained at an extremely low level throughout the pupal stage, but they survived far longer than the non-irradiated control pupae. With large irradiation doses, oxygen uptake was exponentially reduced after the irradiation, leading the pupae to death in the early pupal stage.
The oxygen uptake in the pupal stage of the fly is characterized by a Ushaped curve,' and its ascending limb is obviously inhibited by irradiation. 2 Since the inhibitory effect of irradiation on respiration seems to run parallel to that on the morphological development, it will be possible to estimate quantitatively the radiation effect on the development by measuring the oxygen uptake. An attempt was made in the present experiments to define the pattern of radiation effect upon the development of the fly's pupae in reference to radiation dosage.
MATERIALS AND METHODS
The pupae of Sarcophaga peregria were collected two hours after puparium formation and kept in an incubator at a constant temperature of 27°C. Under this condition, the emergence occurred 8 to 9 days after puparium formation. The age of pupa is counted from puparium formation in this paper. The character and behavior of this organism were extensively described in Sakka's paper. [3] [4] [5] [6] [7] Oxygen consumption of each pupa was measured with a Warburg's manometer at 25°C. Fourteen to twenty-eight pupae were used in each group of experiments. The number of samples was large enough to reduce the standard deviation of individual measurements to below 10% of the mean.
Irradiation was carried out with a soft x-ray apparatus (Softex). Pupae were arranged in a single layer on a paraffin plate of 4 cm in thickness and exposed to x-ray. The physical factors were 50kVp, 5mA and 21 cm sample-target distance. Exposure rate was 460 R/min by a Siemen's dosimeter for soft x-ray. Fig. 1 shows the change in oxygen consumption following the irradiation in the pupae which received various doses 24 hours after puparium formation. The values obtained are presented also in Table 1 . In non-irradiated pupae, they molted at 192 to 200 hours after puparium formation, and the amount of oxygen consumption increased by twice during one hour following the emergence. If they were left at 27°C, without any food and water, the oxygen uptake remained at the same level for approximately 60 hours and thereafter fell rapidly to zero. The response of this respiration curve to irradiation was various according to doses. Irradiations were carried out 0-2, 24-26, 48-50, 72-74 or 96-98 hours after puparium formation. The logarithms of oxygen uptake at the age of 8 days are plotted against the exposure in Fig. 2 . Two important features are indicated by these dose-effect curves. The one is the noticeable differences in the sensitivity of the pupae to radiation according to the age. The analysis of this finding in relation to muscle development will be described elsewhere. The other is that each dose-effect curve is composed of three components. This leads us to the assumption that there are three different types of radiation injuries in the fly's pupae. In fact, these were related to different radiation effects on the morphological development. The typical instances are illustrated in Fig. 3 .
RESULTS

1) Radiation effects on oxygen consumption
Effect of small radiation doses (below 4.6kR on the first day of puparium formation)
Oxygen uptake at 8 days after puparium formation decreased linearly with increasing dose. Pupae failed to emerge, but morphologically they reached certain stages of development which were different according to the dosage of radiation. 2, 8 Effect of medium doses (6.9 to 55kR on the first day of puparium formation)
The respiration did not increase during the late pupal stage and stayed at The relationship between oxygen uptake at eight days after puparium forma tion and exposure doses. Seven to 28 pupae were used for each determination.
Cross bar represents (standard deviation.
The numerals in parentheses indicate the age of pupae (in days) when they received radiation.
The pupae on the first pupal day are most sensitive, and an increased resistance to irradiation is observed with advancing age. They received x-ray on the first day of age . The development is more seriously disturbed with increasing radiation doses . x 3.
Radiation
Effects on Development of the Fly's Pupa 5 the level found on the fifth day -the lowest level throughout the pupal life. This effect was not influenced by difference in radiation doses within a certain limit, which was thus defined as medium doses in the present report. The radiation injury of this type made a plateau on the dose-effect curve. Morphologically, the formation of imaginal tissues was greatly inhibited. The coloring of eyes and formation of bristles were disturbed; a weakly formed epidermis had some spots of pigmentation; and there was edema on the whole body. The body cavity was filled with fat bodies which had existed since the larval stage, and the formation of imaginal muscles was markedly disturbed.8,9
Effect of large doses (above 69kR on the first day of puparium formation) Oxygen consumption decreased exponentially after the irradiation and became zero within four to six days after puparium formation. The volume of the whole organism decreased daily and the pupae were finally dried up. The larval tissues were not subjected to histolysis, and imaginal hypoderm never covered the whole body.8,9 This resulted in a loss of hemolymph. Such a type of pupal death, however, did not occur when the pupae were irradiated 48 hours after puparium formation. Fig. 4 indicates that the frequency of the early death in the pupae irradiated within about 12 hours after puparium formation was high and almost constant. But in those exposed later to the radiation, the frequency was found to decrease suddenly.
2) Effect of radiation on survival time
The mean survival time with its standard deviation in the pupae which Table 2 . The relationship between the mean survival time and radiation dose is illustrated in Fig. 5 . X-ray was applied 24 hours after puparium forma tion; seven to fourteen pupae were sampled at random from a group of fifty pupae every other day after irradiation, and their oxygen consumption was measured.
The pupa was regarded to be dead when oxygen consumption had ceased. With small doses, the pupae died at nearly eleven days after the puparium formation, but this was the same as in the case of non-irradiated, nonfed pupae.
With 
